ABSTRACT
Introduction
Prostate cancer and obesity are important causes of morbidity and mortality in the United States. Prostate cancer is the most commonly diagnosed non-cutaneous cancer in American men, with approximately 220,000 cases identified each year [1] . It is estimated that prostate cancer will represent 28% of new male cancer diagnoses and will be the second leading cause of cancer death in men in 2010 [1] .
Approximately one third of American men are clinically obese, and the prevalence of obesity has risen 6 to 7 percent each decade since the 1980s [2] . Obesity is a well-known risk factor for a variety of chronic conditions including hypertension, high cholesterol, stroke, heart disease, and certain cancers such as colon, kidney, and esophageal [3] . As obesity has grown more prevalent, the incidence of type 2 diabetes mellitus has also increased, and obesity increases the risk of death from diabetes up to 9 times [4] .
Faced with the increased incidence of prostate cancer and obesity-related health issues, several investigators have focused on how an increased body mass index (BMI) and the presence of diabetes impact the incidence, diagnosis, and response to treatment for prostate cancer. Several studies show that obesity affects prostate cancer mortality rather than incidence [5, 6] . For example, in the RTOG 85 -31 trial of patients with locally advanced prostate cancer undergoing radiation, it was found that 5-year prostate cancer specific mortality for men with a BMI < 25 was 6.5% compared with 13.1% and 12.2% in men with BMI ≥ 25 -30 and BMI ≥ 30 respectively [7] . Therefore a greater baseline BMI was independently associated with risk of death from prostate cancer. More recent research, however, have not supported these findings, so the association remains uncertain [8, 9] .
In addition, there is some evidence that shows type 2 diabetes is significantly linked with a decreased risk of developing prostate cancer [10] [11] [12] , but few studies have evaluated the impact of diabetes on prostate cancer mortality. One recent study evaluated 112 diabetic metformin users and 98 diabetic non-metformin users treated with radical prostatectomy and demonstrated that diabetics, regardless of metformin use, faced a 55% increase in risk of biochemical recurrence [13] ; this was even though there is some evidence that metformin may have some antineoplastic effects [14] .
Given the uncertainty regarding the effects of obesity, diabetes and diabetes treatment on prostate cancer outcome, we reviewed the outcome of our patients with Gleason 7 -10 cancer that were treated with radical prostatectomy for these associations.
Materials and Methods
With institutional review board approval, we reviewed patients in the South Texas Veteran's Healthcare System Tumor Registry diagnosed with prostate cancer between January 1, 1998 and December 31, 2008. We entered patients with Gleason scores greater than or equal to 7 on biopsy or on radical prostatectomy pathology into a database. 123 patients had a biopsy Gleason score < 7, but were found to have Gleason 7 -10 disease on radical prostatectomy pathology. Statistical analysis was performed both with and without the inclusion of these patients, and their inclusion did not lead to significant differences in outcome measure comparison.
Patient information including age at diagnosis, BMI at the time of treatment initiation, race, presence or absence of diabetes, the HbA1c value recorded closest to the time of diagnosis, and choice of treatment for diabetes, classified as either non-pharmacologic, metformin, other oral medication or insulin were all obtained from the medical record. Patients were coded to have diabetes when the diagnosis was made and recorded in the medical record by the patient's primary physician prior to initiation of treatment for prostate cancer. Also recorded were the PSA immediately prior to diagnosis, information from the original biopsy report including the Gleason score as determined by the original attending pathologist, and whether positive cores came from one or both sides of the prostate. Information from the surgical pathology report was also recorded including surgical Gleason score as determined by the original attending pathologist, the presence of disease in seminal vesicles (SV) or lymph nodes (LN), the presence of extracapsular extension (ECE), and the presence of positive margins. Patients were excluded from analysis if they had metastatic disease at the time of diagnosis as identified on bone scan, computed tomography scan or magnetic resonance imaging. Patients were also excluded from analysis if their BMI was not recorded in the medical record or if they were lost to follow up before post-treatment PSA values could be obtained.
Biochemical failure was defined by the American Urological Association Prostate Cancer Guideline Panel's definition of a PSA of 0.2 ng/mL or greater followed by a confirmatory PSA value 0.2 ng/mL or greater [15] . Patients receiving a second modality as salvage treatment were also considered to have failed on the date salvage treatment was initiated, even if the above criteria had not been met.
Patients were stratified into groups based on BMI into the following categories: normal (BMI < 25), overweight (BMI 25 -29.9), obese (BMI 30 -35) and morbidly obese (BMI > 35). Additionally, patients were stratified based on the presence or absence of the diagnosis of diabetes at the time of treatment initiation, whether or not their diabetes was controlled as evidence by HbA1c ≤ 7 or > 7, and by the treatment for diabetes: non-pharmacologic, metformin, other oral agents, or insulin.
Statistical Methods
Continuously distributed data were summarized with the sample size, mean and standard deviation (SD) and categorical data were described with counts and percentages. Data were grouped by BMI category and diabetic status. Groups were contrasted on continuously distributed outcomes with Kruskal-Wallis tests. The significance of associations between categorical outcomes and BMI category, diabetic status, and treatment were assessed with Pearson's chi-square test. BMI categories were contrasted with regard to biochemical free and overall survival with proportional hazards models and Kaplan Meier survival curves and associated log rank tests. Hazard ratios and their 95% confidence intervals are reported. Hazard ratios were adjusted for potential confounders: age, Gleason score, pre-treatment PSA, the presence of diabetes and surgical pathology. All statistical testing was 2-sided with a significance level of 5%. SAS Version 9.2 for Windows (SAS Institute, Cary, North Carolina) was used throughout.
Patients with the lowest (<25) BMI were found to have significantly lower unadjusted 5-year OS (86.3% compared to 93.6%, 94.6% and 93.2% for patients with BMI of < 25, 25 -29.9, 30 -35 and > 35, respectively (p = 0.05) ( Table 3 ). Even after controlling for age, Gleason score, pre-treatment PSA and surgical pathology, moderately overweight patients with a BMI of 25 -30 and 30 -35 had a lower overall mortality than those with a normal BMI (<25) as evidenced by a hazard ratio of 0.38 (0.18, 0.79; p = 0.01) and 0.48 (0.23, 1.0; p = 0.05). Those with a BMI > 35 were nonsignificantly higher (p = 0.92) with a HR of 1.06 (0.37, 3.04) However, Kaplan-Meier estimates did not show a significant difference in unadjusted OS among the BMI groups.
creasing BMI. Specifically, for men with BMI > 35, more than 50% were diabetic, while the incidence was one third or less in those with BMI ≤ 35. There was a significant decrease in PSA at diagnosis as BMI increased; at the extremes, men with BMI < 25 had an average PSA of 12.5 ng/ml, while those with BMI > 35 had an average PSA of 5.3 ng/ml. There was no significant difference for Gleason score or the presence of bilateral disease found on biopsy ( Table 1) . There was also no significant difference between the BMI groups in terms of RP surgical pathology features such as positive lymph nodes, positive seminal vesicles and extracapsular extension. There were, however, significantly higher rates of positive margins in patients with a BMI of 30 -35 and > 35 when compared to patients with a BMI of < 25 and 25 -30 ( Table 2 ).
Discussion
BMI did not significantly affect unadjusted 5-year BFFS or CSS ( Table 3) . Kaplan-Meier logistical regression analysis likewise showed no significant difference in unadjusted BFFS (Figure 1) . Neither the presence of diabetes, the degree of control as evidenced by HbA1c at diagnosis, nor the treatment regimen for diabetes had a significant effect on 5 year BFFS, OS or CSS.
We were able to demonstrate an inverse relationship between BMI and PSA at diagnosis, supporting the multiple groups who have observed that men with prostate cancer and an increased BMI have a lower PSA [16] [17] [18] than thinner men with similar appearing cancers. An artificially low PSA in an obese man potentially could delay a prostate biopsy recommendation and increase risk for a higher-grade cancer [19] . One recent hypothesis for the low PSA in obese men faults hemodilution as a result of increased plasma volume [20] [21] [22] . In our cohort, patients are usually referred to urology for any elevation of the PSA by a large number of providers, but there could be some unknown selection factor that results in obese men being referred earlier (with a lower PSA). In obese men diagnosed with prostate cancer, Davies et al found that they are less likely to receive surgical treatment [23] . There are several possible reasons why a physician and their obese patient may decide against pursuing surgery Patients using metformin had a 61.3% 5 yr BFFS, while for the non users (not using metformin) it was 71% (p = 0.09). There was no difference in CSS or OS.
After controlling for age, Gleason score, pre-treatment PSA, margin, SV, and node positivity, patients with increasing BMI above 25 were found to be at significantly increasing risk of biochemical failure with hazard ratios 2 (1.21, 3.33; p = 0.007), 1 as the primary therapeutic modality. Primarily, they tend to have less favorable outcomes than do thinner men, and there are several reasons possible reasons for this. Jayachandran et al. postulate that these inferior outcomes are due to the increased technical difficulty of the surgery in heavier patients [24] . This is supported by our findings of increased positive margins with increased BMI despite no significant difference in Gleason score, the rate of positive lymph nodes, seminal vesicles or extracapsular extension. These data support the finding that with larger patients, there is an increase in positive margins. Although we saw an increased risk of biochemical failure with increasing BMI, this was not explained by the finding of positive margins ( Table 4) . In fact, when corrected for known prognostic factors, obese patients still had a significantly higher failure rate. (Table 4) . While our data suggest these increasing rates of biochemical failure do not translate into decreased overall or cancer specific survival with our length of follow up, at the minimum these patients will be subjected more often to the morbidity of salvage treatments such as radiation therapy, hormone therapy, or chemotherapy. Unlike the RTOG 85 -31 trial, we were unable to show worse CSS in patients with increased BMI. This is in agreement with the findings of two recent studies [8, 9] . These studies have either shown no difference [8] or a trend toward decreasing OS with increasing BMI [9] . Kane et al analyzed patients in the Cancer of the Prostate Strategic Urologic Research Endeavor (CaPSURE) registry and found that overweight and obese patients with prostate cancer tended to have more medical comorbidities such as diabetes and hypertension. Kane et al. also hypothesized that overweight and obese men may have an increased diagnosis of low risk prostate cancer due to more frequent doctor's visits for their other co-morbid conditions [18] . Our data showed increasing rates of diabetes as BMI increased, so close medical follow up for this and other potential chronic medical condition may explain our finding of decreased mortality in the overweight BMI group (BMI 25 -30) even after controlling for potential confounders such as age, Gleason score, pre-treatment PSA and the presence of diabetes. We also sought to explore the effect of diabetes and its treatment on 5-year OS, BFFS and CSS. Interestingly, some studies suggest diabetics may have a decreased risk of developing prostate cancer, which is thought to be due to multiple hormonal factors [25] . This raises the question as to whether those with cancer might fare better than non-diabetic patients. Unfortunately, Patel showed that diabetes, regardless of metformin use, resulted in a 55% increase in risk of biochemical failure [13] . However, we were unable to demonstrate any significant difference in outcome between diabetics and non-diabetics. In addition, even though Metformin is thought to exert both anti-tumor and anti-proliferative effects [26] and has been associated with decreased total cancer risk in epidemiologic studies, our patients did not appear to benefit from its use. If anything, in our patients, metformin users have a higher biochemical recurrence rate. Study limitations include those inherent to any retrospective analysis. Selection of treatment was at the discretion of the original treating physician. Also, our single HbA1c level at diagnosis is only a snapshot of diabetes control, so a detailed analysis of disease outcome based on that parameter is not possible. Additionally, a mean follow up of 5.1 years is still too short to make definitive statements regarding the ultimate development of metastatic disease and prostate cancer mortality. Further follow up will make this more clear.
Conclusions
Previous studies have raised the concern that increased BMI and diabetes adversely affect prostate cancer outcomes. As the average BMI and the incidence of diabetes continue to increase, these issues will affect more and more men. Our data suggest that although overweight and obese men tend to be younger and with a lower PSA at diagnosis, they are more likely to have co-morbid diagnoses such as diabetes. Most importantly, obese men are more likely to have positive surgical margins, which may contribute to the increased rate of biochemical recurrence after radical prostatectomy. Our data show no clear relationship between BMI and prostate cancer specific survival. There is uncertainty in the current literature as to the exact effect of obesity and diabetes on prostate cancer. Large scale prospective randomized controlled trials would be required to resolve these issues. Ultimately, the molecular mechanisms linking obesity, diabetes, and prostate cancer are multifactorial. In the meantime, as the morbidity and mortality associated with obesity and diabetes are well established, we should continue to encourage weight loss, increased physical activity, and glycemic control in our patients with prostate cancer.
